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DESCRIPTION 
Bending Device Apparatus 

Technical Field 

The present invention relates to a bending device a pparatus having a foot 
switch capable of moving to a point in front of a positioning point of a workpiece 
at each bending sequence in step bending. 
Background Art 

Hitherto, according to a bending-dev4ee a pparatus such as a press brake, a line 
to be bent is successively selected based on product information to determine a 
bending sequence (manually or automatically), and dies tools including a punch 
attached to an upper table and/or a die attached to a lower table, and a-die tool 
(processing station) at each bending sequence. , and th e The predetermined-dies 
tools are put at predetermined positions on upper and lower tables based on the 
determined-4ie tool layout, then the foot switch is turned on to start up a ram on 
the upper or lower table, and a workpiece is bent. 

In a bending d e vic e apparatus like that, recently, such a step bending has 
become mainstream that multiple processing stations are provided and a worker 
moves to a predetermined processing station at each bending sequence so that 
multiple processing steps can be performed as products have been complicated. 

With respect to the step bending, for example, as disclosed in Japanese Patent 
Application Laid-Open No. 9-295057 and No. 2000-351018, a foot switch is 
moveable to a point in front of a predetermined processing station at each 
bending sequence, or to a point in front of a center point C of back-ends of a 
workpiece-te against which striking blocks abutments are-stfue k abutted (Fig.3 in 
Japanese Patent Application Laid-Open No. 9-295057), whereby the burden of 
workers is reduced. 
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In the step bending process, however, there are cases where bending lines on 
the workpiece, which is an object to be processed, are present on an end part in 
the left-right direction of the workpiece. In such a case, even if the foot switch 
can be moved in front of the processing station or in front of the center point of 
the back-ends of the workpiece, as mentioned above, a distance between an actual 
processing point (an end part in the left-right direction of the workpiece) and the 
foot switch is long. 

As a result, workers have to have an improper posture and it is very difficult to 
work, and accordingly the work efficiency is apparently lowered. Further, a 
workpiece striking block abutting accuracy expressing a degree of contact 
properness between the workpiece and the striking block abutment is lowered, 
and accurate flange sizes cannot be obtained. 

On the other hand, according to the conventional technique, when after one 
step (a bending) is finished, a foot switch starts moving toward a target, a next 
processing station. At that time a worker sometimes keeps his/her foot on the 
foot switch, and also, such a case may happen that a body part of the worker 
enters the region of movement while the foot switch is moving. 

As a result, the worker faces a very big danger, the safety is not ensured, and a 
big accident sometimes occurs. 

The object of the present invention is to provide a bending-devte e apparatus 
capable of improving the work efficiency by providing a moveable foot switch to 
a point in front of an actual bending point as well as ensuring the safety of 
workers by preventing the foot switch from moving when a foreign object 
including a body part of the worker is present in a region of movement of the foot 
switch, or by detecting the entry of the foreign object and emergently stopping 
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the foot switch when the foreign object enters the region of movement even after 
the foot switch has once started moving. 
Disclosure of the Invention 

In order to solve the above-mentioned problems, the present invention 
provides: 

a bending device a pparatus 1 comprising ram start-up means device 2 (Fig. 1) 
provided so as to be movable in the left-right direction, and control-means part 
moving that among edges constituting a workpiece W, selects edges 
owing to which the positioning and processing operations of said workpiece are 
more stable in the case of abutting the edges against abutments 10 and IK based 
on a shape of it at each bending sequence, and that moves the ram start-up m e ans 
device 2 to a point in front o f a positioning point of a workpi e ce at each b e nding 
s e quence positioning points of the abutments 10 and 11 corresponding to points 
of said selected edges , as d e fin e d in claim 1 : 

a bending-^eviee apparatus 1 comprising ram start-upntteans devic e 2 provided so 
as to be movable in the left-right direction, foreign object detectingn^ieaft s device 
8 and 9 for d e t e cting that detects the entry of a foreign object into a region of 
movement of the ram start-up-mean s device 2, and control-means part 20E-for 
pr e v e nting that prevents the ram start-up-means device 2 from moving when the 
entry of-et the foreign object is detected , as d e fin e d in claim 3 ; 
a bending-^evnee apparatus 1 comprising ram start-up-mean s device 2 (Fig. 12) 
provided so as to be movable in the left-right direction, an input part 21B-fef 
inputtin g that inputs product information, a bending sequence determining part 
21C for d e t e rmining that determines a bending sequence of a workpiece W based 
on the product information, a-4ie tool determining part 21 D for d e t e rmining di e s 
P and D that determines tools including a punch P and a die D which bend the 
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workpiece W and a-di e tool layout at each bending sequence, a striking an 
abutment point determining part 30F for d e t e rminin g that determines points Xi 
and X 2 o f striking blocks abutments 10 and 11 in the left-right direction based on 
the bending sequence, the-die s tools and the-die tool layout, and a ram start-up 
means device point determining part 30G for d e terminin g that pre-determines a 
point X of the ram start-up-means device 2 in the left-right direction in a range of 
a striking bloc k an abutting width A or B procured from one or more of the 
striking blocks abutments 10 and 11 based on the determined points of the 
striking blocks abutments 10 and 11 in the left-right direction, and that when the 
ram start-up device 2 actually moves to a point different from the pre-determined 
point, determines the actual moving point as a final point of the ram start-up 
device as defined in claim 7 : and 

a bending-devie e apparatus 1 comprising ram start-up-means devic e 2 provided so 
as to be movable in the left-right direction, a striking an abutment point 
determining part 30F for d e termining that determines points Xi and X 2 o f striking 
bleek s abutments 10 and 11 in the left-right direction based on the determined 
bending sequence-die s tools and a-die tool layout decided by a worker S 
according to product information, and a ram start-up^nean s device point 
determining part 30G for d e t e rmining that determines a point where the ram 
start-up device is actually positioned as a point X of the ram start-up means 
device 2 in the right-left direction in a range o f a striking block an abutting width 
A or B procured from one or more of the striking blocks abutments 10 and 11 
based on the points Xi and X 2 of the striking blocks abutments 10 and 11 in the 
right-left direction , as defined in claim 12 . 

According to an aspect of the present disclosure, th e structur e of th e pr e s e nt 
inv e ntion d e fin e d in claim 1, if, for example, the ram start-up-mean s device 2 (Fig, 
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1) is composed of a foot switch, the foot switch 2 moves to the point in front of 
the positioning point X of the workpiece, which is an actual processing point, at 
each bending sequence, and, therefore, a distance between the foot switch 2 and 
the actual processing point is very short, whereby after positioning the workpiece 
W at the actual processing point, a worker S can steps on the foot switch 2 to 
start-up the ram 12 and process the workpiece W, which leads to easy work for 
the worker S and improved work efficiency 

Further, according to an aspect of the present disclosure the structur e of tho 
pr e sent invention defined in claim 3 , if, for example, the foreign object 
determining device is composed of an area sensor containing a light receiving 
element 9 and a light emitter 8 (Fig. 1), when the foreign object such as a body 
part of a worker, a workpiece W or-a-teel an implement enters the region R of 
movement of the foot switch (Fig. 2), a ray of light L from the light emitter 8 is 
blocked and the area sensor is turned on (NO in Step 105 in Fig. 11), and then the 
foot switch 2 cannot move, or when the foreign object enters the region while the 
foot switch 2 is moving (Step 106 => NO in Step 107 in Fig. 11), similar to the 
above, the ray of light L from the light emitter 8 is blocked and the area sensor is 
in ON mode (NO in Step 113 in Fig. 11), and then the foot switch 2 is emergently 
stopped (Step 114 in Fig. 11), whereby the worker is prevented from danger and 
the safety of the worker is ensured. 

Still further, according to an aspect of the present disclosure th e structur e of tho 
pr e s e nt inv e ntion d e fin e d in claim 7 , in a bending trial (Fig. 12 to Fig. 15), a 
worker moves the foot switch 2 to a point at which he/she easily turns on the 
switch, positions the foot switch there (Step 204 in Fig. 15), and-strike s abuts the 
workpiece W (Step 205 in Fig. 15), and subsequently the foot switch 2 is turned 
on to move a ram 12 down (Step 206 in Fig. 15). In that case, if a point X' at 
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which the foot switch is turned on and an original target point X are different 
from each other (YES in Step 207 in Fig. 15), the new target value X' can be used 
in the following bending steps by changing the original target value X to X' (Step 
208 in Fig. 15), and thus it is easy for the worker to work and the work efficiency 
is further improved. According to an aspect of the present disclosure— the 
structure of the present inv e ntion defined in claim 12 , since a manual setting 
mode (teaching method) by the worker can become available (Fig. 16 to Fig. 18), 
the work efficiency can be further improved, in this point. 

As mentioned above, the present invention can provide a bending d e vic e 
apparatus capable of improving the work efficiency by providing a movable foot 
switch in front of the actual bending point, and ensuring the safety of workers by 
preventing the foot switch from moving when the foreign object including the 
body part of the worker is present in the region of movement of the foot switch, 
or by detecting the foreign object and emergently stopping the foot switch when 
the foreign object enters the region of movement even after the foot switch has 
once started moving. 

Furthermore, according to the present invention, it is not necessary for a 
worker to keep an improper posture for a long period of time by providing the 
foot switch movable to the point in front of the actual bending point, and thus the 
invention can provide a bending d e vic e apparatus with improved working 
efficiency in this point as well. 
Brief Description of the Drawings 

Fig. 1 is an overall view of the present invention; 

Fig. 2 is a top view of the present invention; 

Fig. 3 is a front view of a foot switch 2 constituting the present invention; 
Fig. 4 is a back view of the foot switch 2 constituting the present invention; 
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Fig. 5 is a view showing a first example of a workpiece positioning point 
according to the present invention; 

Fig. 6 is a view showing a second example of a workpiece positioning point 
according to the present invention; 

Fig. 7 is a view showing a third example of a workpiece positioning point 
according to the present invention; 

Fig. 8 is a view showing a fourth example of a workpiece positioning point 
according to the present invention; 

Fig. 9 is a drawing for explaining operation of the foot switch 2 and an area 
sensor constituting the present invention; 

Fig. 10 is a drawing showing a relationship between conditions of start of 
moving and timing of start of moving of the foot switch 2 according to the 
present invention; 

Fig. 1 1 is a flow chart explaining operation of the present invention; 

Fig. 12 is an overall view showing another embodiment of the present 
invention; 

Fig. 13 depicts views showing a relationship between a striking block an 
abutting width A and B o f s triking blocks abutments 10 and 11, and a position X' 
of the foot switch 2 in Fig. 12; 

Fig. 14 is a view showing an operation screen in Fig. 12; 

Fig. 15 is a flow chart explaining operation in Fig. 12; 

Fig. 16 is a view showing still another embodiment of the present invention 
(teaching method); 

Fig. 17 is a view showing an operation screen in Fig. 16; and 

Fig. 18 is a flow chart explaining operation in Fig. 16. 
Best Modes for Carrying Out the Invention 
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Now, the present invention will be described by means of embodiments, with 
reference to the accompanying drawings. 

Fig. 1 is the overall view of the present invention. 

A bending-deviee a pparatus 1 shown in Fig. 1 may be, for example, a press 
brake. This press brake 1 has side plates 16 and 17 on the both sides of the 
machine body, and has an upper table 12 mounted on upper parts of the side 
plates 16 and 17 through a ram-driving source such as hydraulic cylinders 14 and 
15. To the upper table 1 2 is attached a punch P. 

A lower table 13 is placed under the side plates 16 and 17, and a die D is 
attached to the table 13. 

That is, the bending d e vic e apparatus 1 shown in Fig.l is a down strok e 
lifting-down type press brake; and after a workpiece W is positioned by striking 
abutting it to striking block s against abutments 10 and 11 in a back gauge 
described later, which are placed behind the lower table 13, hydraulic cylinders 
14 and 15 are activated by turning on a foot switch 2 described later, which is 
placed forward a positioning point X of the workpiece, to move the upper table 
12 down, whereby the workpiece W is bent by the co-operation of the punch P 
and the die D (YES in Step 109 => Step 110 => YES in Step 111 in Fig. 11). 

The back gauge having the striking blocks abutments 10 and 11 is provided 
behind the lower table 13 (Fig. 1), and are supported by, for example, the lower 
table 13 through link mechanism (not shown). 

A stretch 18 is provided in the left-right direction (X-direction) between the 
link mechanisms on both sides of the lower table 13; and striking block abutment 
bodies 10A (Fig. 5) and 11A having the s triking blocks abutments 10 and 11 are 
mounted on a front section of the stretch 18, which are moveable in the left-right 
direction by an X-axis motor Mx. Further, the link mechanism is moveable in 
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the front-back direction (Y-direction) by a Y-axis motor My (not shown) and in 
the up-down direction (X dir e ction) (Z-direction) by a Z-axis motor Mz (not 
shown). 

By using this structure, the s triking blocks abutments 10 and 11 are positioned 
at predetermined points by control-means part 20D for driving the striking blocks 
abutments (Fig. 1). The foot switch 2 is positioned through the foot switch drive 
control^ttean s part 20E at a positioning point X of a workpiece, that is an 
intermediate point between the points Xi and X 2 , X=(Xi+X 2 )/2 5 for example, 
among the positions in the left-right direction (X-direction) (Fig. 5 to Fig. 8). 

The foot switch 2, which is a ram start-up-mean s device , is placed forward the 
lower end of the lower table 13 (Fig. 1) so as to movable in the left-right 
direction. 

This foot switch 2, as well-known, contains a foot pedal 2 A for moving up and 
a foot pedal 2B for moving down, and the upper table 12 or the ram can be moved 
up or down when a worker S steps on the pedal 2A or 2B with his/her foot (Fig. 
10). 

The foot switch 2 (Fig. 1) has a mounting member 3; and rollers 19 are 
rotatably attached to four corners of a rectangular vertical plate 3A (Fig. 3 and 
Fig. 4) of the mounting member 3. The rollers 19 are each slidab ly attached to a 
top surface or a bottom surface of a guide 5 extending in the left-right direction, 
mounted on the machine body side. 

Also, a driving pulley 6 and an idler pulley 7 are rotatably attached to both 
ends of the above-mentioned guide 5 (Fig. 1 and Fig. 2), and the driving pulley 6 
is driven by a motor M put adjacent thereto. 

A timing belt 4 runs toroidally around the driving pulley 6 and the idler pulley 
7, and an upper part of the timing belt 4 is fixed to a horizontal plate 3B (Fig. 3 
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and Fig. 4), which protrudes backward (Y-direction) from the mounting member 
3 on the foot switch 2 side. 

In this structure, when the driving pulley 6 is driven through the motor M (Fig. 
1), the revolving movement is converted into linear motion through the timing 
belt 4 and transferred to the foot switch 2, and thus the foot switch 2 is positioned 
by moving to the point in front of the forementioned positioning point X of the 
workpiece (Fig. 5 to Fig. 8). 

According to the present invention, as mentioned above, the foot switch can be 
freely moved to the point in front of the positioning point X of the workpiece or 
the actual bending position, whereby a distance between the worker S, who works 
in front of the bending position, and the foot switch 2 becomes short, which can 
lead to improved work efficiency. 

As the ram start-up-means device, a two-hand manual operating device wherein 
the worker S operates with his/her both hands may be used instead of the foot 
switch 2; and as the transfer mechanism of the ram start-up-means device (Fig. 3 
and Fig. 4), a ball screw mechanism or a fluid cylinder mechanism may be 
provided instead of the timing belt mechanism. 

In this case, the foot switch 2 is positioned at the point in front of the 
positioning point X of the workpiece (Fig. 5 to Fig. 8), as mentioned above, and 
the positioning point X of the workpiece is an intermediate point between 
positioning points Xi and X 2 of the striking blocks abutments 10 and 11, 
X=(Xi+X 2 )/2 in the left-right direction (X-direction). 

The points Xj and X 2 of the striking blocks abutments 10 and 11 in the 
left-right direction (X-direction), from which the positioning point X of the 
workpiece is determined, are determined depending on which part of the 
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workpiece W is struck to abutted against the striking block s abutments 10 and 11 
based on a shape of the workpiece W. 

Fig. 5 shows a case where an edge a, which is closer to a bending line m, is 
placed to the striking blocks abutments 10 and 11 side for easy-^trikinf* abutting 
of a workpiece W, and while an projected part Wi is placed to the left side of a 
processing station position (at a position of a tool D) so as not to be bent, the edge 
a is struck to abutted against the striking blocks abutments 1 0 and 1 1 . 

Fig. 6 to Fig. 7 show cases where striking blocks abutments 10 and 11 are 
struck to abutted against either edge of a workpiece W in the front-back direction 
(Y-direction). 

Among them, Fig. 6(A) shows a case where there are edges b and c having the 
same length (X-direction) in the front-back direction (Y-direction) as each other. 
In this case, the edge b closer to a bending line m is s truck to abutted against the 
striking blocks abutments 10 and 11 due to easie r striking abutting of the 
workpiece W. 

Fig. 6(B) is a case where there is a very short edge e at one side in the 
front-back direction (Y-direction) and the edge e cannot be struck to abutted 
against the two s triking blocks abutments 10 and 11, and thereby, a workpiece W 
cannot be positioned on this side. In this case, another longer edge d is struck to 
abutted against the striking blocks abutments 10 and 11. 

Fig. 6(C) shows a case where there is an oblique edge g at one side in the 
front-back direction (Y-direction), and if this oblique edge g is struck to abutted 
against the two striking blocks abutments 10 and 11, a workpiece W is unstably 
positioned. In this case, another horizontal edge f is struck to abutted against the 
striking blocks abutments 10 and 11. 
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Fig. 7 shows a case where there is an edge h closer to the bending line m at one 
side in the front-back direction (Y-direction), but on the edge h side, there are 
flanges Fi and F 2 , which make it very difficult to-strik e abut the edge h4e against 
the striking blocks abutments 10 and 11, that is, it is difficult to position a 
workpiece W there. In this case, a shorter edge k (a bottom view in Fig. 7) of 
the other edges cannot be struck to abutted against the two- striking blocks 
abutments 10 and 11, and therefore, a longer edge j is struck to abutted against 
the striking blocks abutments 10 and 11. 

Fig. 8 shows cases where the striking blocks abutments 10 and 11 are struck to 
abutted against any edges out of 2 or more strikabl e abuttable edges of a 
workpiece W in the left-right direction (X-direction). 

Among them, Fig. 8(A) shows a case where among an edge ft- which is closer 
to the bending lin e , and as well as edges q and r on both sides thereof which are 
closer to the bending line m compared with another edge i, if the edge p is struck 
te abutted against the-bleek s abutments, a worker holding a workpiece W cannot 
operate stably. In this case, the edges q and r on both sides of the edge p are 
struck to striking blocks abutted against abutments 10 and 11. 

Fig. 8(B) shows a case where it is difficult to-strik e abut an edge v, which is 
closer to the bending line m,-te against both striking blocks abutments 10 and 11 
and positioning of a workpiece W becomes unstable, as mentioned above (Fig. 
6(C)), and therefore it is desirable to-strik e abut edge s or u, which are more 
distance from the bending line m. But if the edge u is struc k abutted, the 
overlapping part between the striking blocks abutments 10 and 11 and the 
bending line m is small, which causes unstable operation during processing. In 
this case, the edge s is struck to abutted against the s triking block s abutments 10 
and 11. 
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Brackets 21 and 22 protruding forward are provided at both sides of the bottom 
edge of the lower table 13 (Fig. 1), and a light emitter 8 is attached to one bracket 
21 and a light receiving element 9 is attached to the other bracket 22, respectively. 
A ray of light emits from the light emitter 8 to the light receiving element 9, and 
both ends of an entry prevention bar 23 (Fig. 2) are attached to the brackets 21 
and 22. 

By using this structure, when a foreign object such as a hand or a foot of a 
worker S enters within a region of movement R of the foot switch 2, the ray of 
light L is blocked to detect the entry of the foreign object, whereby the foot 
switch 2 does not move, or even if the foot switch 2 has already started moving, it 
is emergently stopped. 

This ray of light L (Fig. 3) covers completely the foot switch 2, and when, for 
example, even a toe tip of the worker enters the region of movement R, the ray of 
light is blocked and the foreign object can be detected. 

That is, the light emitter 8 and the light receiving element 9 compose of an area 
sensor, and in general, as mentioned above, it is a foreign object detecting-means 
device . 

Specific modes for detecting the foreign object may include a mode before 
moving start of the foot switch 2 and a mode after moving start of the foot switch 
2. 

For example, while the worker S steps on a pedal 2A or 2B of the foot switch 2 
in order to move the ram 12 (Fig. 1) up or down, the ray of light is blocked to 
detect the entry of the foreign object into the region of movement R, then the foot 
switch 2 does not move. 

In addition, even if the foot switch 2 has once started moving, when the foot of 
the worker S, the workpiece W, the-tee l implement or the like enters the region 
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of movement R, the ray of light is blocked to detect the entry of the foreign object 
into the region of movement R, then the foot switch 2 halts moving. 

Owing to this, according to the present invention as described above, when 
there is a foreign object including a part of the body of the worker within the 
region of movement of the foot switch, the foot switch is arranged not to move, 
and even if the foot switch has once started moving, when the foreign object 
enters the region of movement R and the entry is detected, then the switch is 
emergently stopped, thereby ensuring the safety of the worker. 

In this case, if the area sensor is defined to be in ON mode as an operation 
mode of the area sensor when the ray of light is blocked, and the area sensor is 
defined to be in OFF mode, when the ray of light is not blocked, the foot switch 2 
does not move while the area sensor is in ON mode (NO in Step 105 in Fig. 11), 
and the foot switch 2 starts moving (Step 106 in Fig. 11) when the area sensor is 
in OFF mode (YES in Step 105 in Fig. 11). 

Even after the foot switch 2 has started moving (Step 106 in Fig. 1 1), however, 
monitoring whether or not a foreign object enters the region of movement R of 
the foot switch 2 by the area sensor (Step 113 in Fig. 11) continues until it reaches 
the positioning point X of the workpiece (NO in Step 107 in Fig. 11), and when 
the area sensor becomes ON mode by the entry of the foreign object (NO in Step 
118 in Fig. 11), the foot switch 2 is emergently stopped (Step 114 in Fig. 11). 

Specifically, as shown in Fig. 9, for example, in case where a current value of 
the foot switch 2 is Xo and a target value is the positioning point X of the 
workpiece, the movements of the foot switch 2 from the current value X 0 to the 
target value X are as follows: 

In this case, as the conditions for moving start of the foot switch 2, as shown in 
Fig. 10, the area sensor is to be in OFF mode, and in addition a foot switch 2 is to 



{P30934 00214284.DOC} 

14 



(Marked-Up Copy of Substitute Specification) 
P39034 .S04 

be in OFF mode as well as the position status of an upper table 12. Thus there 
are various cases in moving start timing of the foot switch 2. 

For example, after a predetermined stroke (ti to t 4 in Fig. 10(B)) is completed 
by descending the upper table 12, and at the time when bending operation is 
finished (at t 5 in Fig. 10(B)), if the foot switch 2 and the area sensor are in OFF 
mode, the foot switch 2 can be started moving immediately. 

Also, after the predetermined stroke (tj to U in Fig. 10(A)) is completed by 
descending the upper table 12, and at the time when bending operation is finished 
(at t 5 in Fig. 10(A)), the foot switch 2 is not started moving, and at the time when 
the upper table 12 returns to a top dead point (at U in Fig. 10(A)), if the foot 
switch 2 and the area sensor are OFF mode, the foot switch 2 can be started 
moving. 

Further, after the predetermined stroke (ti to U in Fig. 10(C)) is completed by 
descending the upper table 12, and at the time when bending operation is finished 
(at t 5 in Fig. 10(C)), the foot switch 2 is not started moving, and after a 
predetermined period of time T has elapsed, at the time when the upper table 12 
reaches a vicinity of the top dead point (t 6 in Fig. 10(A)) and if the foot switch 2 
and the area sensor are in OFF mode, the foot switch 2 can be started moving. 

According to such conditions of moving start of the foot switch 2, the foot 
switch 2 (Fig. 9) as mentioned above starts moving from the current value X 0 (Fig. 
9(A)), and so long as the area sensor is in OFF mode (Fig. 9(B)), it is considered 
that there is no entry of the foreign object and the switch keeps moving toward 
the positioning point X of the target value of the workpiece (Step 106 => NO in 
Step 107 => YES in Step 1 13 => Step 106 in Fig. 11). 

However, for example, when the workpiece W grasped by the worker S (Fig. 2) 
enters the region of movement R of the foot switch 2 to block the ray of light L, 
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whereby the light receiving element 9 does not receive the light (Fig. 9(C)), then 
the area sensor is in ON mode and it is considered that there is the entry of a 
foreign object, and the foot switch 2 is emergently stopped at, for example, a 
point Xoi (Step 106 =>NO in Step 107=>NO in Step 113 => Step 114 in Fig. 11). 

After that, when the worker S notices the entry of the foreign object and 
withdraws the workpiece W, the receiving element 9 receives the ray of light L 
again, then the area sensor is in OFF mode (Fig. 9(D)), and the foot switch 2, 
which has been emergently stopped, is started moving again (Step 114 => YES in 
Step 105 Step 106 in Fig. 11). 

After that, so long as the area sensor is in OFF mode (Fig. 9(E)), the foot switch 
2 keeps moving (NO in Step 107 => YES in Step 113 => Step 106 in Fig. 11), and 
when it reaches the positioning point X of the workpiece, the foot switch 2 is 
stopped (YES in Step 107 => Step 108 in Fig. 11). 

An NC device 20 (Fig. 1) of the press brake having such a structure comprises 
CPU 20A, input outpu t means part 20B, processing information determining 
means part 20C, controlntteans part 20D for driving striking blocks abutments , 
control part 20E for driving a foot switch, controlntteans part 20F for driving an 
area sensor and control-meafts part 20G for driving a ram. 

The CPU 20A integrally controls the whole device shown in Fig. 1, such as the 
processing information determining m e ans part 20C, the control-means part 20D 
for driving striking blocks abutments , and the control-means part 20E for driving 
a foot switch, according to the operation procedure for performing the present 
invention (for example, corresponding to Fig. 11). 

The input output m e ans part 20B is, for example, an operation panel and 
comprises input-means part such as a keyboard or a mouse and output-means part. 
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By using this, product information or the like can be input automatically or 
manually (Step 101 in Fig. 11), and the input results can be checked on a display. 

The product information in this case may include CAD (Computer Aided 
Design) information including a sheet thickness and a material of a workpiece W, 
a length of a bending line, a bending angle of a product and sizes of a flange, 
which are shown as stereoscopic figures or developments. 

The processing information determining means part 20C determines a bending 
sequence-dies tools P and D, a-die tool layout (processing station), positioning 
points of the striking blocks abutments 10 and 11 , a positioning points of a 
workpiece, a D value, an L value, and the like, based on the product information 
input through the input output-meafts part 20B. 

Among them, the positioning points of the striking blocks abutments 10 and 11, 
for example, points Xi and X 2 in the left-right direction (X-direction) are 
determined, as mentioned above (Fig. 5 to Fig. 8), depending on where in the 
workpiece W is struck to abutted against the striking blocks abutments 10 and 11 
based on the shape of the workpiece W. 

An intermediate point between the thus determined points Xi and X 2 of the 
striking blocks abutments 10 and 11, X=(X|+X 2 )/2 (for example. Fig. 5) is the 
positioning point X of the workpiece, and the foot switch 2 is moved to a point in 
front of the positioning point X of a workpiece. 

The control-mean s part 20D for driving striking blocks abutments (Fig. 1) 
positions and controls the striking blocks abutments 10 and 11 at predetermined 
positions including the points Xj and X 2 in the left-right direction determined, as 
mentioned above, by the processing information determining-means part 20C. 
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The control means part 20E for driving a foot switch moves the foot switch 2 
to, for example, a point in front of the positioning point X of the workpiece (Fig. 
5 to Fig. 8) by driving and controlling the motor M of the driving pulley 6. 

The control means part 20F for driving an area sensor (Fig. 1) drives and 
controls the area sensor comprising the light emitter 8 and the light receiver 9, 
and makes the light emitter 8 emit the ray of light L. When the light is blocked 
(for example, Fig. 9(C)), as mentioned above, the control^aeaft s part 20F 
determines that the area sensor is in ON mode and a foreign object enters the 
region of movement R, and informs it to the control-mean s part 20E for driving a 
foot switch (Fig. 1). 

When receiving the information, the contro linearis part 20E for driving a foot 
switch emergently stops the foot switch 2 (NO in Step 113 => Step 114 in Fig. 
11). 

The control m e ans part 20G for driving a ram (Fig. 1) activates hydraulic 
cylinders 14 (Fig. 1) and 15 to move the ram or the upper table 12 down, thereby 
bending operation of the workpiece W is carried out(Step 110 => YES in Step 1 1 1 
in Fig. 11), when the foot switch 2 turns to ON mode, for example, by the fact 
that the worker S steps on the pedal 2B for moving it down (YES in Step 109 in 
Fig. 11). 

Now, the operations of the present invention having the above-mentioned 
structure will be described based on Fig. 11. 

(1) Operations until the bending sequence and the like are determined 

In Step 101 in Fig. 11 the product information is input, and in Step 102 are 

determined bending sequence, and the like. 

Namely, when the CPU 20A (Fig. 1) detects the input of the product 

information through the input output-means part 20B, the CPU 20A determines 



{P30934 00214284.DOC} 

18 



(Marked-Up Copy of Substitute Specification) 
P39034.S04 



the bending sequence, the-die s tools P and D, the-di e tool layout (processing 
station), the positioning points of the s triking blocks abutments 10 and 11, the 
positioning point X of the workpiece based on the points Xi and X 2 in the 
left-right direction (X-direction) (for example Fig. 5 to Fig. 8) among the 
positioning points of the striking blocks abutments 10 and 11, as well as the D 
value, the L value, and the like, through the processing information determining 
means part 20C. 

In this case, for example, the operations in Step 103 to Step 114 in Fig. 11 are 
carried out in each of the bending sequence (1), (2), (3) and (4) based on the 
product information, when the workpiece W shown (in Fig. 11) is assumed to be 
bent into a box product. 

A worker S is to previously mount the predetermined-4ies tools P and D at 
predetermined processing stations on the upper and lower tables 12 and 13 for 
each bending sequence (1), (2), (3) and (4), and is to position the striking blocks 
abutments 10 and 11 previously at predetermined points through, for example, the 
controhtteafts part 20D for driving a striking block an abutment (Fig. 1). 
(2) Moving operation of the foot switch 2 

(2)-A To determine whether the condition for moving start of the foot switch is 
satisfied or not 

It is determined whether or not in Step 103 in Fig. 11 the position of the upper 
table 12 satisfies a predetermined condition for moving start of the foot switch, in 
Step 104 the foot switch 2 is in OFF mode, and in Step 105 the area sensor is in 
OFF mode. 

(2)-B Operation in case where the condition for moving start is not satisfied 

That is, when any one of the upper table 12, the foot switch 2, and the area 
sensor does not satisfy the condition for moving start (any one of Steps 103, 104, 
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and 105 in Fig. 11 is in NO mode), the CPU 20A (Fig. 1) does not start the foot 
switch 2 moving, and waits until the above three conditions for moving start are 
satisfied. 

(2)-C Operation in case where the condition for moving start is satisfied 

(2)-C-l To determine whether or not the foreign object enters the region of 

movement R of the foot switch 2 

That is, when all of the upper table 12, the foot switch 2 and the area sensor 
satisfy the condition for moving start (all of Steps 103, 104 and 105 in Fig. 11 are 
in YES), the CPU 20A (Fig. 1) makes the foot switch 2 move (Step 106 in Fig. 
11) and it continues to determine whether or not the foreign object enters the 
region of movement R of the foot switch 2 through the area sensor (Step 113 in 
Fig. 11) until the foot switch 2 reaches the positioning point X of the workpiece 
(NO in Step 107 in Fig. 11). 

(2)-C-2 Operation in case where the foreign object enters 

That is, as a result of the determination about whether or not the foreign object 
enters the region of movement R of the foot switch 2 through the area sensor 
(Step 113 in Fig. 11), if the ray of light L from the light emitter 8 (Fig. 1) is 
blocked and the area sensor is not in OFF mode (NO in Step 113 in Fig. 11), the 
CPU 20A (Fig. 1) considers that the area sensor is in ON mode and the foreign 
object enters, makes the foot switch 2 emergently stop (Step 114 in Fig. 11), and 
determines whether or not the area sensor is in OFF mode again (Step 105 in Fig. 
11). 

Then, when the area sensor changes to OFF mode (YES in Step 105 in Fig. 11) 
and the light receiving element 9 receives the ray of light L from the light emitter 
8 (Fig. 1), the CPU 20 A makes the foot switch 2, which has emergently been 
stopped, move again (Step 106 in Fig. 11), and after that, when the foot switch 2 
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reaches the predetermined positioning point X of the workpiece (YES in Step 107 
in Fig. 11), it makes the foot switch 2 stop (Step 108 in Fig. 11). 

Specifically, for example, the above-mentioned case where Fig. 9(A) => Fig. 
9(B) =^> Fig. 9(C) => Fig. 9(D) Fig. 9(E) is exemplified. 

(2) -C-3 Operation in case where no foreign object enters 

In contrast with the case (2)-C-2, as a result of the determination whether or 
not the foreign object enters the region of movement R of the foot switch 2 
through the area sensor (Step 113 in Fig. 11), if the light receiving element 9 
receives the ray of light L from the light emitter 8 (Fig. 1) and the area sensor is 
in OFF mode (YES in Step 113 in Fig. 11), the CPU 20A (Fig. 1) considers that 
there is no entry of the foreign object and makes the foot switch 2 keep moving 
(Step 106 in Fig. 11), and when the foot switch 2 reaches the predetermined 
positioning point X of the workpiece (YES in Step 107 in Fig. 11), it makes the 
foot switch 2 stop (Step 108 in Fig. 1 1). 

Specifically, for example, this is the case where Fig. 9(A) => Fig. 9(B) => Fig. 
9(E) is exemplified, and any foreign object does not enter the region of 
movement R of the foot switch 2 at all until the foot switch 2 reaches the target 
value X from the current value Xo of moving start of the switch. 

(3) Bending operation 

In Step 108 in Fig. 11, when the foot switch 2 stops, the worker S (for example, 
in Fig. 5) stands in front of the foot switch 2 that has stopped and s trik e s abuts the 
workpiece W to striking against the-bteeks abutments 10 and 1 1 to position it, and 
then steps on the pedal 2B for moving down (Fig. 1), which causes foot switch 2 
to be in ON mode (YES in Step 109 in Fig. 11). The CPU 20A (Fig. 1), which 
detects it, activates the hydraulic cylinders 14 and 15 through the control means 
part 20G for driving a ram to move the ram 12 down (Step 110 in Fig. 11), and 
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when the predetermined stroke is completed (YES in Step 111 in Fig. 11), the 
CPU determines whether the processing is finished or not (Step 1 12 in Fig. 11). 

For example, if the CPU 20A (Fig. 1) determines that the operations of Step 
103 to Step 112 in Fig. 11 for only the bending (1) (Fig. 11) are finished, the same 
operations as above are repeated for a bending (2) from Step 103. 

As mentioned above, the operations of Step 103 to Step 112 are repeated for 
the bending (2), (3) and (4) in turn, and finally all of the operations are completed 
(END in Fig. 11). 

Fig. 12 to Fig. 15 are views showing other embodiments of the present 
invention, in which the point of the foot switch 2, which is moved to the point in 
front of the positioning point X of a workpiece in Fig. 1 to Fig. 11, is to be 
changed based on a bending trial. 

That is, conventionally, the bending lines are in end portions of one workpiece 
to be processed in the left-right direction sometimes. In that case even if the 
foot switch is moved to the point in front of the processing station or the point in 
front of the center point of the back-end of the workpiece, the distance between 
the actual processing point (end portion in the left-right direction of the 
workpiece) and the foot switch is long. 

As a result, it is extremely inconvenient for the worker to work, which 
apparently leads to lower the working efficiency. In view of this, in Fig. 1 to Fig. 
11, the foot switch 2 was arranged to move to the point in front of the positioning 
point X of the workpiece, which is the actual bending point, (for example, Fig. 8) 
at each bending. 

By using this arrangement, the distance between the foot switch 2 and the 
actual processing point became very short, and therefore, after positioning the 
workpiece at the actual processing point, the worker could step on the foot switch 
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2 to start up the ram 12 and process the workpiece, whereby it became very easy 
for the worker to work and the working efficiency was improved. 

In case where individualities of workers (for example, right-handed or 
left-handed, and the like) are taken into consideration, if the foot switch 2 is 
automatically moved to the point in front of the positioning point X of the 
workpiece (for example Fig. 8), as mentioned above, then the working efficiency 
is rather lowered instead. Accordingly, in order to reflect the workers' 
individualities, the target value X, which has been automatically set, must be 
changed. 

In Fig. 12, the bending-deviee a pparatus 1 is, for example, a down strok e 
lifting-down type press brake having the same structure as shown in Fig. 1, and 
an NC device 30 comprises an input part 30B, a storage 30C, a bending sequence 
determining part 30D, a-die tool determining part 30E, a strikin g an abutment 
point determining part 30F, and a ram start-upntteans device point determining 
part 30G 

Among them, the input part 30B is an operation panel, for example, by which 
product information can be input as previously, and a handling active button 31 
and a start button 32, which will be described below are provided (Fig. 14, and 
Step 201 and Step 202 in Fig. 15). 

Based on product information put through the input part 30B (Fig. 12), the 
bending sequence determining part 30D determines a bending sequence of a 
workpiece W, and the-d-i e tool determining part 30E determines-d-ie s tools and a 
d4 e tool used in each bending sequence. 

Based on the bending sequence, the^dies tools and the-d4e tool layout, the 
strikin g abutment point determining part 30F determines points Xi and X 2 (target 
values) o f striking blocks abutments 10 and 11 in the left-right direction. 
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The ram start-up m e ans device point determining part 30G determines a point 
X (a target value) of ram start-up-mean s device 2 such as the foot switch in the 
left-right direction based on the points Xi and X 2 of the striking blocks abutments 
10 and 11 determined by the striking abutment point determining part 30F, within 
a range o f a striking block an abutting width A or B procured from one or more 
striking blocks abutments 10 and 11. 

In this case, the number of the striking blocks abutments 10 and 1 1 of the back 
gauge placed behind the lower table 13 is usually more than one, but the number 
of the striking blocks abutments to be used depends on the shape of the 
workpiece W. 

For example, as shown in Fig. 13(A), when a striking an abutting portion of a 
workpiece W is a flange F having a narrower width than a width of one striking 
blee k abutment 10, the ram start-up device point determining part 30G 
determines a substantially intermediate point X of a width A of this one striking 
hiee k abutment as the point X (target value) of the foot switch 2 in the left-right 
direction within the range of the width A of the striking block abutment 10. 

Alternatively, as shown in Fig. 13(B), for example, when a part of a workpiece 
W to be abutted s truck of a workpiece W is relatively long, and is struck to 
abutted against two striking blocks abutments 10 and 11, within- a striking block 
an abutting width B, namely, a range from a left end of the one striking block 
abutment 10 to the right end of the striking block abutment 11, the ram start-up 
mean s device point determining part 30G determines a substantially intermediate 
point X (target value) of the striking block abutting width B as the point X of the 
foot switch 2 in the left-right direction. 

As described below, when the target value X is different from a point X' at 
which a worker S actually steps on the foot switch 2 (YES in Step 207 in Fig. 15), 
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the target value X is changed to X', and the value X' is saved in the storage 30C 
(Fig. 12) and is used in the bending steps, from the viewpoint of improvement of 
work efficiency. 

Now, the operations of the present invention having the above-mentioned 
structure will be described based on Fig. 15. 

In this case, the target values Xt and X 2 of the striking block s abutments 10 
and 1 1 and the target value X of the foot switch 2 are presumed to have been 
previously decided according to the striking abutment point determining part 30F 
(Fig. 12) and the ram start-upn^ean s device point determining part 30G. 
(1) Operation until the worker S (Fig. 12) moves and positions the foot pedal 6 to 
a point at which it is easy for the worker to step on the pedal. 

In Step 201 in Fig. 15 the handling active button 31 is pressed, in Step 202 the 
start button 32 is pressed, in Step 203 the striking blocks abutments 10 and 11 and 
the foot switch 2 are moved and positioned to the target values, and in Step 204 
the foot switch 2 is moved positioned to a point at which it is easy for the worker 
to step on the pedal. 

That is, when the worker S (Fig. 12) presses the handling active button 31, the 
button lights and the mode is switched to a modification mode according to a 
bending trial of the present invention, and then when the start button 32 is pressed, 
the CPU 30A, which detects it, positions the striking blocks abutments 10 and 11 
at the original target points Xi and X 2 as well as the foot switch 2 at the original 
target point X. 

During the above-mentioned operation, the handling active button 31, which 
was lighting, turns into flashing, which means conditions in which a bending trial 
can be carried out and the ram 12 (Fig. 1) can be worked (closing operation) 
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The worker S (Fig. 12) moves the foot switch 2, which has been moved at the 
original target value X, to a point X' at which it is easy to switch on at actual 
processing, in other words, it is easy to step on, and positions the switch at the 
point X'. 

For example, the worker S may move the foot switch 2 (Fig. 12) to the point X' 
at which it is easy to step on, while he pushes aside the foot switch 2 with his/her 
hand or foot, or he/she rotates a hand pulser 34 (Fig. 14). 
(2) Setting operation for the new target value X' 

• In Step 205 in Fig. 1 5 the workpiece W is-stfue k abutted , in Step 206 the foot 
switch 2 is turned on to move the ram 12 down, and if in Step 207 the original 
target point X and the point X' at which the foot switch 2 is turned on are 
different from each other (YES), then in Step 208 the original target point X is 
changed to the point X' and the point X' is saved, and if the original target value 
X and the point X' at which the foot switch 2 is turned on are equal (NO), then 
the operation goes to Step 209. 

That is, the worker S (Fig. 12), as mentioned above, moves the foot switch 2 to 
the point at which it is easy to step when the moving down operation is actually 
performed, and positions it there, then the workpiece W is-stmek abutted to the 
striking blocks abutments 10 and 11, which are positioned at the target points Xj 
and X 2 , and the CPU 30A detects that the foot pedal 2B for moving down of the 
foot switch 2 is stepped on, and makes the ram 12 (Fig. 1) move down, whereby 
the workpiece W is bent. 

At that time, the handling active button 31 lights, and the working state 
(closing operation) of the ram 12 finishes. 

When the point X f at which the foot switch 2 is stepped on and the original 
target point X are different from each other, the CPU 30A saves the point X' in 
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the storage 30C through the ram start-up m e ans device point determining part 
30G in order to change the original target point X to the point X' at the time when 
an ON signal G from the foot switch 2 is output. 

In the following bending steps, the ram start-up— means device point 
determining part 30G uses the memorized point X' as a new target value. 

After that, the worker S steps on the moving up foot pedal 2A of the foot 
switch 2 to move the ram 12 (Fig. 1) up (Step 209 in Fig. 15), and when the 
bending trial is not finished (NO in Step 210 in Fig. 15), the same operations are 
repeated from Step 202. 

Thus, the changed results at each bending sequence 1 (Fig. 14), 2 ... , etc., are 
shown on a display of the operation panel 30B as the point Xi', X : 2 ! ..., etc., of the 
foot switch, and when an inexperienced worker performs the same processing, the 
working efficiency can be more improved by reflecting the changed results. 

Further, as mentioned above, if the new target point X' is to be automatically 
saved in the storage 30C, automatic saving is performed when the ON signal G is 
output from the foot switch 2. Therefore such a troublesome operation as a 
worker presses a button for saving are not necessary, and the working efficiency 
is improved in this view point as well. 

Fig. 16 shows further another embodiment of the present invention, which is a 
manual setting mode by a worker (teaching method) and uses an NC device 30 
shown in Fig. 12 as a control device. 

In this case, after a worker decides bending sequences 1, 2, 3 and tools 
Pi and Di,-die s tools P 2 and D?,-die s tools P 3 and D 3 , and-die s tools P 4 and D 4 (Fig. 
16), a-di e tool layout a, b, c, or d, a D value, a L value, and the like at each 
bending sequence 1, 2, 3 or 4, based on product information, points of the striking 
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bteeks abutments 10 and 11 in the left-right direction are decided through the 
striking abutment point determining part 30F (Step 301 in Fig. 18). 

The decided results, as shown in Fig. 17, are shown on a display of an 
operation panel 30B, and while watching the display, the worker pushes aside the 
foot switch 2 (Fig. 16) with his/her hand or foot, or he/she rotates a hand pulser 
34 (Fig. 14), and moves the foot switch 2 (Fig. 16) to a pre-determined point and 
positions the switch there (Step 302 in Fig. 18). 

After that, the worker presses a location setting button 33 provided on the 
operation panel 30B (Fig. 12) to detect a travel point of the foot switch 2 and save 
the same (Step 308 => Step 304 in Fig. 18). 

That is, when the CPU 30A detects that the location setting button 33 (Fig. 12) 
is pressed, and detects the travel point of the foot switch 2 through the ram 
start-up means device point determining part 30G based on the number of 
revolution of an encoder F of a motor M, constituting a drive mechanism of the 
foot switch 2 (Fig. 16), and the travel point is saved in the storage 30C (Fig. 12). 

In this case, the point of the foot switch 2 determined by the ram start-up 
mean s device point determining part 30G (target value) is usually, as mentioned 
above, within the range o f a striking block an abutting width A or B, procured by 
one or more of the striking blocks abutments 10 (corresponding to Fig. 13) and 
11. 

The worker repeats the operations (Step 302 Step 304 in Fig. 18) at each 
bending so long as the teaching is not finished (NO in Step 305), and after the 
teaching is finished (YES in Step 305), the final results are expressed, as shown 
in Fig. 17, on the display of the operation panel 30B as the foot switch points XI', 
X2'...,etc. 

Industrial Applicability 
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The present invention is applicable to a bending devic e apparatus, which aims 
to improve the working efficiency by making a foot switch movable to a point in 
front of an actual bending point, and ensures safety of workers by preventing the 
foot switch from moving when a foreign object including a body part of a worker 
is present within the region of movement of the foot switch, and even if the foot 
switch is once started moving, and then a foreign object enters the region of 
movement, the switch moving is emergently stopped by detecting the entry. 
Specifically, the present invention is applicable to not only the above-mentioned 
down stroke lifting-down type press brakes (Fig. 1) but also to up stroke 
lifting-up type press brakes wherein a lower table 2 or a ram is moved up to bend 
a workpiece W with a punch P and a die D, and furthermore, to a case where the 
ram start-upHttean s device is not only the foot switch but also two-hand operating 
devices, and the transfer mechanism of the ram start-up-means device is not only 
the timing belt mechanism but also a ball screw mechanism or a fluid cylinder 
mechanism. 
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